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Abstract. With 10m class telescopes as well as with time-tagging detectors 
on board of HST and FUSE, the analysis of time-resolved spectra for pulsat- 
ing white dwarfs becomes feasible. We present simulated time-resolved spectra 
for the hot pulsating white dwarf PG 1159-035 and compare these models with 
observational data of the 516 s mode based on HST-STIS spectroscopy. A deter- 
mination of the pulsation mode by the spectral variability of PG 1159-035 seems 
to be impossible for the moment. 



1. Introduction 

Analyses of stellar oscillations are important tools for probing stellar structure 
and evolution and hence for analyses of white dwarfs as well. Variable white 
dwarfs are non-radial g-mode-pulsators whose pulsation modes can be described 
in terms of spherical harmonics with parameters I and m. PG 1159-035 is the 
prototype for hot pulsating H-deficient white dwarf stars at the transition stage 
to the white dwarf sequence. The response of stellar atmospheres to pulsa- 
tions can be seen in wavelength-dependent flux variations. We calculate these 
wavelength-dependent flux variations for modes with different I and compare 
them with observational data based on HST-STIS spectra. The goal is to get an 
independent method for analyses of pulsation properties and the determination 
of pu lsation modes as a s upple ment to photometric analyses (e.g. IWinget et alJ 
119911 : iKawaler fc Brarilevlll994h . 

In this paper, we describe our first approach towards the spectral analysis 
of the pulsating white dwarf PG 1159-035. We begin in Section 2 with a descrip- 
tion of the model properties on which our analysis is based. In Section 3, we 
present calculations of chromatic amplitudes for different pulsation modes and 
compare these with observational data in Section 4. We present our conclusions 
in Section 5. 



2. Spectral Analysis of PG 1159-035 

Our analysis is based on th eoretical spectra which are calculated with a NLTE 
model atmosphere program ( Werner Dreizleill999l : lDreizleil2003l : IWerner et al.l 
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Figure 1. Flux variation relative to the best fit model with T c ff=140kK 
and logg = 7.0. The left plot shows flux variations for several temperatures 
and fixed logg = 7.0. The right plot shows flux variations for several values 
of logg and a fixed temperature of T e ff=140kK (upper panel) as well as a 
model of the normalized flux for T c ff=140kK and logg = 7.0 (lower panel). 
All spectra are convolved with a 1.5 A Gaussian. 



2003) using detailed H-He-C-0 model atoms (jWerner et alJl2004f ). Our model 
grid ranges from T cfr =137000-143000 K (in steps of 250 K) for log g = 7.0 and 
logy = 6.8 — 7.2 (in steps of 0.1 dex) for T e g=140000 K, respectively. These val- 
ues are distributed around the parameters T P ff=140000 K and lo g g = 7.0 derived 
in earlier analyses ((Werner et alJll~99ll : iDreizler Hebedll998l ). 

Figure ^shows a normalized model spectrum for T e ff=140kK and logg = 
7.0 as well as flux variations relative to this model caused by variations in tem- 
perature and surface gravity, respectively. 



3. Chromatic Amplitudes 



According to lRobinson et all ( 19821 . 119951 ) we calculate the wavelength-dependent 



flux variations between 200 A and 7000 A by 
Fx oc I ox J h\(u) fi dp, 

AF X oc J 0A (j^^) / hxip) ^0-0 f dn 

where Pi(fi) is the Legendre polynomial of degree / (all models with m=0) and 
the integrals are evaluated between /x = and fx = 1. We derive a limb darkening 
h\ from nine angle values of p between p = and \x = 1 for each wavelength 
in each spectrum and replace the derivative (dIo\/dT) by a difference quotient 
A/ 0A /AT computed with models of T efr =139750K and T cfr =140250K for each 
wavelength. 

FigureElshows our results of calculated chromatic amplitudes AF\/F\ using 
the best model with parameters T e g=140000 K, logg = 7.0 for pulsation modes 
with Z=l-3 (m=0). 

Unfortunately, our models show almost no difference between pulsation 
modes with 1=1 and 1=2 in nearly the whole wavelength range, especially for 
wavelengths between 1100 A and 1800 A. 
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Figure 2. Chromatic amplitudes AF\/F\ calculated for T c g = 140000 K and 
logg = 7.0 and for pulsation modes with Z= 1-3 and wavelengths ranging from 
200-7000 A- chromatic amplitudes are normalized at 5500 A and are convolved 
with a 1.5 A Gaussian. 



4. Observation 

The observational time-resolved spectra of PG 1159-035 were obtained during 
Cycle 10 with the HST-STIS. The observations were obtained with the G140L 
grating and a 52x0.2 slit in time-tagged mode. The 20 orbits are grouped into 
seven blocks of about 40 min exposure time. Afterwards, the 20 orbits are split 
into 955 blocks of about 50 s during data reduction with IRAF SDSDAS routines. 
The observed chromatic amplitudes were obtained by binning the spectra by 20 A 
and fitting sin e functions with per iods fixed to the modes determined from WET 
observations ( W inget et alJ IT991). Observed chromatic amplitudes shown in 
Figure 01 are obtained from the most prominent pulsation mode with a period of 
P=516.040 s. For comparison, Figure|3]shows our calculated models for pulsation 
modes with 1=1-3, as well. Models are normalized at 1700 A and the observations 
are normalized at the mean value of chromatic amplitudes for 1660 A, 1680 A, 
and 1700 A in order to remove systematic deviations between the models and 
the observational data. 

Figure doesn't allow the determination of the pulsation mode of the 516 s 
period: although the observation roughly matches the slope of the 1=1 and 1=2 
mode, the difference between these models are too small and the fluctuation of 
the observational data around the models is too high for further analyses. 



5. Summary and Conclusions 

We have calculated the chromatic amplitudes for pulsation modes with Z=l-3 to 
analyze the spectral variability of the hot pulsating white dwarf PG 1159-035. 
Our models show almost no difference between modes with 1=1 and 1=2 in the 
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Figure 3. Chromatic amplitudes as in Figure [2] compared with the 516 s 
mode of PG 1159-035 obtained from HST-STIS spectroscopy. The models are 
convolved with a 20 A Gaussian in order to match the observational binning. 



UV and optical wavelength range. For the moment therefore, it seems to be 
impossible to determine pulsation modes of GW Vir pulsators by their spectral 
variability. 

There are two obvious means of improving our results: we can expand the 
wavelength range of our observational data to shorter wavelengths, e.g. with 
FUSE data; and - from a theoretical point of view - we will try to improve our 
models by surface-resolved flux synthesis. 
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